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Introduction
Colorectal cancer (CRC) is one of the most common malignancies in developed countries and the incidence of CRC in Spain is higher than that of any other cancer when both men and women are considered together. CRC is the third most common cancer in men after prostate and lung cancer, and is the second most common in women after breast cancer (Ferlay et al., 2015) .
Studies performed since the 1990s have shown that the fecal occult blood test (FOBT) and flexible sigmoidoscopy contribute to the early detection of CRC and therefore to reducing associated mortality (Heresbach et al., 2006; Mandel et al., 1993; Saito el al., 1995; Atkin et al., 2010; Segnan et al,. 2002; Kronborg et al.,1996; Hardcastle et al.,1996) . Currently, the World Health Organization and the European Union (Wilson et al., 1968) recommend CRC screening programs (CRCSP). The expected long-term benefit of these programs is a reduction in overall and CRC-specific mortality and a decrease in the incidence of this tumor (Pan et al., 2016) .
The European Commission has drawn up guidelines for quality assurance in CRC screening and diagnosis (Segnan et al., 2010) . This document establishes the recommendations, criteria and standards that should be achieved by organized population-based screening programs.
Because assessment of the impact of these programs requires a long time lapse since their initiation, monitoring of participation and detection rates is essential to allow prediction of their impact. If CRCSP maintain high participation rates and adhere to standards for detection, mortality can be expected to be reduced after 10 years of screening (McClements et al., 2012; Zorzi et al., 2014) .
CRCSP are recent in Europe and in Spain have been implemented in the last few years.
Consequently little research has been conducted on the possible influence of sociodemographic and organizational factors on participation and detection rates.
Some studies have shown that participation is higher in women than in men (Klabunde et al., 2015; Portillo et al., 2013; Molina-Barceló et al., 2016 , Clarke et al., 2015 , especially in those aged 50-59 years (Salas et al., 2014) .
Participation has also been related to area of residence and socioeconomic status. A study performed in The Netherlands showed that high participation was related to living in a rural area and having high socioeconomic status (Hol et al., 2010) , another study from United States concluded that the likelihood of adherence to CRCSP was lower in residents of rural areas (James et al., 2006) .On the other hand several studies analyzed participation related to
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Various studies have shown that individual screening history is associated with participation in subsequent rounds, with persons attending previous rounds being more likely to attend subsequent screening (Lo et al., 2014) . In addition, repeat invitations to persons not accepting previous invitations can increase uptake (Steele et al., 2010) .
Participation is also influenced by the organizational features of CRCSP. Thus, uptake increased by 10% when the screening invitation was accompanied by a general practitioner's endorsement and a leaflet explaining in detail how to complete the FOBT (Hewitson et al., 2011) . Another strategy to enhance participation is sending an advance notification letter .
An analysis of the information available on effective interventions to increase participation in CRCSP concluded that educational interventions and organizational measures are required to enhance the impact of CRCSP . Another European study compared distinct forms of FOBT delivery and found that participants receiving the FOBT kit with the invitation had a significantly higher likelihood of participating than persons who received a letter of invitation asking them to collect the FOBT kit in the health center (Van Roosbroeck et al.; 2012) .
In Spain, the population eligible for CRCSP consists of asymptomatic men and women, with no prior history of CRC, aged between 50 to 69 years, the age group at highest risk. The target population is invited to complete an FOBT every 2 years and persons with a positive result are offered diagnostic confirmation through colonoscopy (Salas Trejo et al., 2016) . There are 17
Spanish regions with autonomy in the organization of certain health services. Each region has developed and implemented a CRCSP since 2000, which has been progressively expanded. In 2012, coverage was 17%. Although the methodological foundations (ie, target population, screening intervals) are common to all programs, there are some organizational differences between regions, such as the type of invitation (affecting FOBT delivery) and the type of FOBT offered.
The first autonomous communities implementing CRCSP in Spain participated in the CRIBEA research project, whose aim is to evaluate the impact of CRCSP in Spain.
Given the scarcity of studies on this topic, the aim of this study was to estimate uptake of CRCSP in Spain and to identify and quantify the influence of certain organizational and
A C C E P T E D M A N U S C R I P T sociodemographic factors, such as age, sex, municipality of residence, FOBT delivery type, type of FOBT and screening history on participation rates.
Methods
The CRIBEA Project
The CRIBEA Project is a retrospective study of a cohort of men and women aged 50 to 69 years taking part in the 6 CRCSP in Spain that participate in the project: Catalonia, the Valencian Table 2 .
Population
To conduct the CRIBEA project, a database common to the CRCSP was constructed (Table 3) , linking all the information on each of the invitations issued during the study period. The database contained information on 1,995,719 invitations sent to 1,320,300 persons. Persons whose invitations were sent to the wrong address and those with a prior colonoscopy were excluded. The population is a dynamic cohort, with members leaving and being added over time, depending on their age.
The participation study analyzed the invitations of the first 3 screening rounds. The sample consisted of 1,748,753 invitations. Individuals without information on the first screening ACCEPTED MANUSCRIPT
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invitation were excluded. Among the data analyzed, each person is linked to one of the 6 CRCSP. Because a single person can have 1 to 3 invitations, the data have a repeated measures structure.
In this study, we analyzed the sample by stratifying it in four groups by type of screening (Segnan et al., 2010) : (Table 1) Initial Screening-first invitation: persons receiving a first invitation to CRCSP, independently of the organizational round of the program.
Subsequent invitation for previous never-responders: persons invited to previous rounds but who had not participated.
Subsequent invitation-regular intervals (adherence): previously-invited persons who had participated in the previous round.
Subsequent invitation-irregular intervals: invited persons who had not participated in the immediately previous round but who had participated in at least one prior round.
Response variable:
Participation: persons invited for screening who returned the FOBT, independently of the result (positive, negative, weak positive, technical error, and unknown).
Explanatory variables:
Age and sex groups: women aged 50-59 years and 60-69 years, men aged 50-59 years and 60-69 years. Age at the time of invitation was analyzed.
Area of residence: municipalities with less than 5,000 inhabitants were defined as rural, those with between 5,000 and 10,999 inhabitants as semi-rural, and those with more than 10,000 inhabitants as urban.
FOBT delivery type: This variable concerned how each participant obtained the FOBT kit. There were three modalities.
Active collection: a letter of invitation is sent and the FOBT is collected from a retail pharmacy or patient's health center;
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Minimal action: a letter of invitation is sent and the person confirms his or her wish to participate by postcard, telephone call, etc.; the person is then sent an FOBT kit.
No action: the FOBT is sent directly with the letter of invitation.
Type of FOBT: Guaiac (gFOBT), quantitative immunological (quantitative FIT), or qualitative immunological (qualitative FIT).
Statistical analysis:
To include the experience of each patient in the CRCSP, participation was analyzed by stratifying the sample by screening type. Initial participation was studied by analyzing participation in the first invitation and in Subsequent invitation for previous never-responders.
Subsequent screening participation was analyzed through study of participation in Subsequent invitation-regular intervals and Subsequent invitation-irregular intervals.
Because individuals could receive more than one invitation, each data group had a repeated measures structure, except the groups of Initial screening-first invitation and Subsequent invitation-irregular intervals (round 3 only), in which each individual had only one invitation.
A descriptive analysis was conducted of the data collected in the CRIBEA study and the data from the three rounds analyzed in this study. For each round and each stratum, the number of invitations and the percentage of participation were analyzed.
A descriptive analysis was performed of participation according to sociodemographic and organizational variables. The percentage of participation was calculated in each group, taking the number of participations as the numerator and the number of invitations sent as the denominator. The percentage of participation in Initial Screening was calculated globally, taking the number of invitations in Initial screening-first invitation as the denominator and the sum of participations, both in Initial screening-first invitation and in Subsequent invitation for previous responders, as the numerator. The chi-square test was used to study the relationship between explanatory variables and the response variable, with calculation of the corresponding p-value and 95% confidence intervals. Statistical significance was set at p < 0.05.
To explain participation in terms of organizational and sociodemographic factors of the CRCSP, a mixed logistic regression model was adjusted in each stratum, considering random effects of the individual when the data analyzed showed a repeated measures structure. The response ACCEPTED MANUSCRIPT
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variable was participation and the explanatory variables were age and sex groups, area of residence, FOBT delivery type, and type of FOBT. The analysis was performed with the R statistical package, using the glmer function of the Ime4 library.
Results
A total of 1,748,753 invitations were analyzed. Among these, there were 852,497 FOBT, and 17,506 persons were diagnosed with high-or intermediate-risk adenomas and 2,641 with CRC (Table 3) .
Participation was 52.9% in Initial screening overall, 48.8% in Initial screening-first invitation, 17.7% in Subsequent invitation for previous never-responders, 85% in Subsequent invitationregular intervals and 37.8% in Subsequent invitation-irregular intervals (Table 4) .
Participation was higher in women aged 60-69 years in Initial screening-first invitation and in women aged 50-59 years in Subsequent invitation for previous never-responders. In Subsequent invitation-regular intervals, participation was higher in men and women aged 60-69 years than in other age groups (Table 4) .
Uptake was higher when no action was required by the invited person to receive the FOBT.
This association was maintained for all screening types, with participation being higher both in Initial Screening (no action 68.6%, minimal action 45.3%, active collection 47.4%) and in Subsequent invitation-regular intervals (no action 89.1%, active collection 77.4%) and most markedly in Subsequent invitation-irregular intervals (no action 57.9%, active collection 12.7%) (Table 4) .
Participation was higher when the FIT type was quantitative compared with qualitative and gFOBT in Initial Screening but not in successive screening-regular intervals, in which participation rates were similar between quantitative FIT and gFOBT.
Uptake was higher with quantitative FIT than with qualitative FIT and gFOBT in Initial Screening but not in subsequent screening-regular intervals, in which participation rates were similar between quantitative FIT and gFOBT. According to the chi-square test all explanatory variables were statistically significantly.
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Initial participation
In the Initial screening-first invitation model, participation was higher in women aged 50-59 years (OR 1.05; 95% CI 1.05 to 1.06) and in those aged 60-69 years (OR 1.12; 95% CI 1.11 to 1.14) than in men aged 60-69 years. Uptake was higher in rural and semi-rural populations than in urban populations and was higher when no action was required to receive the FOBT (OR 2.24; 95% CI 2.21 to 2.26) and lower when minimal action was required (OR 0.74 95% CI 0.73 to 0.75) than when active collection was required. Participation was also statistically significantly higher with the quantitative FIT (Table 5 ).
In the model for Subsequent invitation for previous never-responders, participation was higher in women aged 50-59 years (OR 1.09; 95% CI 1.06 to 1.16) and 60-69 years (OR 1.08; 95% CI 1.05 to 1.11) than in men aged 60-69 years. Participation was also higher in rural populations, and when minimal action (OR 1.57; 95% CI 1.53 to 1.62) or no action (OR 2.14; 95% CI 2.08 to 2.21) was required than when active collection was required to receive the FOBT. Participation was statistically significantly higher when the quantitative FIT was used (Table 5) .
Subsequent participation
Participation in Subsequent invitation-regular intervals or adherence to screening was statistically significantly higher in men and women aged 60-69 years than in younger men and women and in rural and semi-rural areas, participation was higher when no action was required to receive the FOBT kit (OR 2.03; 95% CI 1.96 to 2.11) than when active collection was required. Adherence was statistically significantly greater when the quantitative FIT was used (Table 6 ).
In the Subsequent invitation-irregular intervals model, participation did not statistically significantly by age and sex but was statistically significantly higher in rural areas. Uptake was higher when no action was required to receive the FOBT kit (OR 9.38; 95% CI 8.06 to 10.91) (Table 6 ).
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Discussion
Together with other indicators, participation is an indicator that measures the impact of CRCSP. Consequently, guidelines establish acceptable standards that guarantee the quality of these programs (Segnan et al., 2010) . For programs to be effective, the European guideline for CRC screening recommends target participation rates higher than 65% and considers an acceptable rate to be 45% (Segnan N et al., 2010) . In our study, the participation rate in Initial Screening was 53%, which, according to the guideline, is acceptable but is lower than recommended rates (Segnan N et al., 2010) .
Strategies to increase participation rates in this group, as well as in the Subsequent invitation-
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irregular intervals group, which had below the recommended percentage of participation, are direct delivery of the FOBT kit and the use of quantitative FIT. A study comparing CRCSP internationally concluded that comparisons between CRCSP should take into account organizational differences, target populations, and the interpretation of indicators (Klabunde et al., 2015) .
Our study found higher initial participation and adherence to screening in rural or semi-rural areas. This finding concurs with a study conducted in The Netherlands (Hol et al., 2010) , but there is no consensus in the literature on the influence of geographical region on participation in CRCSP in the United States, where one study demonstrated lower participation rates in rural areas, due to reduced access to health service coverage in these locations (Wools et al., 2016) .
In Spain, as in most European programs but unlike those in the US, FOBT is only offered in population-based screening programs. Moreover, in Spain, where health service coverage is similar in all geographical areas, this factor seems to be positive due to the possible closeness of health services. A Spanish study analyzed the influence of being informed of CRCSP and participation, as well as the role of primary care physicians on being informed (Molina-Barceló et al., 2016). The present study could not examine the influence of primary care physician recommendation on participation as this information was not available, but rural populations seem to have a more direct physician-patient relationship.
As observed in other studies, participation in CRCSP is influenced by age and sex, with participation in Initial screening-first invitation being higher in women (Portillo et al., 2013; Clarke et al., 2015; Molina-Barceló et al., 2014) and in persons aged 60-69 years than in persons aged 50-59 years (Salas et al., 2014) . In contrast, adherence to screening among persons with previous participation showed differences by age but not by sex, with lower participation among young men and women, as reported in other studies (Ricardo-Rodrigues et al., 2015; Steele et al., 2010) . The disappearance of differences by sex could be due to a selection effect, since participation in successive screening depends on previous participation.
Efforts to increase participation in men should therefore focus on initial invitations.
This study has some limitations. First, the qualitative FIT was used in only one regional CRCSP, which also requires active collection of the FOBT kit, which could have influenced the results regarding this test. Second, the programs were implanted over a long period and, during the study period, not all programs had completed the first 3 rounds.
Among the strengths of this study are that it analyzes population-based data, drawn from routine clinical practice, with a large sample, consisting of 1,748,753 invitations in distinct ACCEPTED MANUSCRIPT
screening rounds (the first 3 rounds). A further strength is that this study analyzed the effects of distinct organizational types in a population that was similar in terms of age and sex.
The results of our study indicate that organizational strategies that enhance participation are the use of FIT rather than gFOBT and reducing the effort required to receive the FOBT. These results have important implications for CRCSP using the FOBT and could be applicable to other CRCSP. Moreover, our results identify certain factors such as age, sex, and geographical area of residence, for which specific invitation strategies could be designed to boost participation or increase levels to those found for other groups. Obviously, these strategies should be carried out within the framework of participation based on an informed decision on the benefits and harms of screening.
It is important to know each individual´s screening history when sending an invitation as well as to monitor and analyze participation in CRCSP and search for strategies that could improve results to allow long-term evaluation of reductions in CRC-related mortality and the incidence of this tumor.
Zorzi, M., Fedeli, U., Schievano, E., Bovo, E., Guzzinati, S., Baracco, S., Fedato, C., Saugo, M., Dei Tos, AP., 2015. Impact on colorectal cancer mortality of screening programmes based on the faecal immunochemical test. Gut 64, 784-790.
A C C E P T E D M A N U S C R I P T Number of people with low-risk adenomas were defined as those with one or two adenomas and both less than a The models in each stratum were adjusted by screening round.
ACCEPTED MANUSCRIPT
A C C E P T E D M A N U S C R I P T 24 a The models in each stratum were adjusted by screening round.
A C C E P T E D M A N U S C R I P T 25
Highlights:
 Organizational features of CRCSP can enhance participation rates.  Participation was analyzed by FOBT delivery type and the type of FOBT offered.  Sociodemographic factors were included in the study of CRCSP participation.
